Surface drip irrigation laterals were spaced next to crop rows (0.91 m) and in alternate row middles (1.83 m) to document crop yield and partial economic returns compared with non-irrigated areas. A surface drip irrigation system was installed at two sites on a Faceville (Site 1) and a Greenville (Site 2) fine sandy loam with 1 to 3% slope, respectively. Cotton and corn were planted on 0.91-m row spacing. Drip tube orientations, 0.91 and 1.83 m, had the same corn yield (10,555 kg/ha) compared with the non-irrigated areas (5,562 kg/ha). Subtracting the cost of corn seed and drip tubing from the two irrigated regimens show that 0.91-m lateral spacing had $140/ha less net revenue compared with non-irrigated ($484/ha). The 1.83-m spaced laterals had $196/ha greater net revenue than the non-irrigated areas. Cotton lint yield averaged 1194 kg/ha for 0.91 and 1.83-m lateral spacing compared with the non-irrigated lint yield (608 kg/ha). Cotton gross revenue at both sites averaged about $1200/ha for both lateral orientations. Non-irrigated cotton revenue averaged over $600/ha. Subtracting the cost of the tubing resulted in net revenues of $613 and $969 for 0.91 and 1.83-m lateral spacing, respectively. The 0.91-m lateral spacing may not be cost effective for either corn or cotton. Partial net return analysis shows that 1.83-m lateral spacing had higher returns for both crops.
Introduction
Surface drip irrigation, due to its simplicity, has been used to irrigate vegetables and high value crops for many years (3, 14) . These systems precisely deliver water, nutrients, and chemicals to the crop root zone. One of the greatest advantages of using surface drip irrigation is that the system can be installed easily with low initial investment and provide flexible irrigation schedules without using large pumps and wells. Researchers have shown that surface (SDI) and subsurface drip irrigation (SSDI) are effective on many crops, locations, and environmental conditions using various techniques (3, 9, 13, 14, 16, 23) . Due to the increases in irrigated corn and cotton hectares, research efforts have addressed optimal timing and irrigation methods to suit regional production demands (10, 17, 20, 26, 27) .
Subsurface drip irrigation (SSDI) on peanut in the humid southeast has been effective in increasing pod yield and grade specifically kernel size distribution (24) when compared with non-irrigated peanut production (17) . Various researchers have shown that SSDI can increase crop yield and quality on tomato (Lycopersicon esculentum) (1, 6) , cotton (Gossypium hirsutum) (5, 15) , and corn (Zea mays) (22) . Potential advantages of drip irrigation include the beneficial use of water, enhanced plant growth and yield, improved application of fertilizer, reduced weed growth, and decreased energy requirements (4) . Drip irrigation can contribute to maximizing water use efficiency with negligible soil evaporation, percolation, and runoff (21) .
Economic simulations (2) showed that SSDI would be more profitable for small areas (< 30 ha) because of its lower investment per unit land area and lower pumping costs compared to fixed or towable center-pivot systems. Subsurface drip irrigation is also suited to irregularly sized fields where a full circle irrigation system cannot be installed. These areas often require drip Research with subsurface drip irrigation has shown a water savings of about 25% without loss of yield or grade for cotton, corn, and peanut (25) when compared with literature values for overhead irrigation systems. Irrigation events were determined by decision support system, IrrigatorPro (11) for cotton and corn which was developed for overhead sprinkler systems. Therefore, irrigation depths for surface drip values were reduced by an average 18% less than recommended for sprinkler applications. Both lateral spacings received the same amount of water. Thus, irrigation depths were closer to the 25% described previously (25) . Precipitation data were collected with an electronic weather station located onsite and verified with a manual precipitation gauge.
All treatments were harvested when mature. Corn was harvested with a 4-row combine. Each sample was weighed using a weigh buggy. A 2-kg subsample was collected after the transfer of corn from the combine to the weigh buggy.
Each sub-sample was tested for moisture and density. Cotton was picked using a 2-row spindle picker. The picker was modified to collect cotton in a large mesh bag. The sample was weighed and ginned. A 0.1 kg sub-sample was collected from each ginned sample to determine lint quality.
Gross revenue was determined from crop yield, grade, and price. Crop prices were averaged over the project life (2002 to 2004). Corn price averaged $0.0964/kg and cotton price averaged $1.09/kg (12) . Partial net revenue was calculated by subtracting the cost of the drip tubing from the gross revenue. It was assumed that all other major costs, such as, fuel, fertilizer, pesticide, and land costs are equal across both lateral spacings. Current recommendations suggest that non-irrigated corn be planted with about 40% less seed compared with irrigated areas. Therefore, corn seed cost $52/ha for non-irrigated and $86/ha for irrigated corn production.
Data from each site were analyzed independently. Crop yield and grade parameters along with gross revenue were analyzed using linear models with a general analysis of variance procedure (Statistix 8, Analytical Software, Tallahassee, FL) with respect to year and lateral spacing. Differences between means were determined using the Tukey method at the P ≤ 0.05 level when ANOVA F-test showed significance.
Corn Yield and Economics
Precipitation received, water applied, and plant and harvest dates are shown in Table 1 . Cumulative precipitation was highest in 2003 for corn and 2002 for cotton. Higher precipitation values do not always mean less cumulative irrigation. In southwest Georgia convective thunderstorms tend to be high intensity and short duration such that total precipitation can be much greater than cumulative plant transpiration. Time periods between convective thunderstorm events are variable with either short or long time periods between events. The results of these precipitation patterns are wet or drought periods between events that require little or greater applications of irrigation water. Differences in irrigation values between sites are due to soil type and precipitation timing. Both sites could not be irrigated at the same time due to pump capacity restrictions. Therefore, one site could be irrigated and a precipitation event occurred before an irrigation event could occur on the second site. Thus, year to year variations for irrigation amounts and precipitation are expected.
Corn was planted in late March to early April with harvest times in mid August. Corn yield at Site 1 showed no difference between years but did show yield difference with drip tube lateral spacing (non-irrigated areas were included in tubing analysis) ( Table 2 ). Irrigated corn grain yield averaged 10,957 kg/ha across all years, 2002 to 2004. Corn yield showed no difference between the 0.91-m and 1.83-m drip tube orientation. Both lateral spacings had higher yield than the non-irrigated control. Revenue was higher for the irrigated compared with the non-irrigated areas. Table 2 . Corn ANOVA probability values for yield, test weight, and gross revenue determined for year and lateral spacing. Corn yield, test weight, gross revenue, and partial net revenue are shown by year and lateral spacing at Site 1.
* Means followed by the same lower-case letter are not significantly different (P = 0.05) using Tukey's pairwise comparison procedure. ** Partial net revenue = (gross revenue -drip tube cost).
Corn yield at Site 2 was affected by year and by lateral spacing (Table 3) * Means followed by the same lower-case letter are not significantly different (P = 0.05) using Tukey's pairwise comparison procedure. ** Partial net revenue = (gross revenue -drip tube cost).
Another savings for the non-irrigated areas was in the cost of seed. Subtracting both tubing and seed cost from the two irrigated regimens (average of both Site 1 and 2) show that 0.91-m lateral had a negative $-142 return compared with non-irrigated ($484/ha). The 1.83-m spaced laterals had a positive $196/ha greater net revenue compared with the non-irrigated areas after subtracting drip tubing and corn seed costs. Corn research in western Kansas showed that subsurface drip laterals placed in alternate row middles were more cost effective than laterals placed beneath the crop row (19, 22) .
Average corn grain yield in Georgia for non-irrigated areas (1998 to 2005) was 4582 kg/ha (12) . Two of the highest corn yields were in 2003 and 2004 (12) . If we removed the higher yielding years from the state average, the new average corn grain yield would be 3061 kg/ha which may better reflect normal nonirrigated yields. Using this lower non-irrigated corn grain average value, net revenue for the 1.83-m lateral spaced irrigation would increase to $456/ha greater than the average non-irrigated revenue($243/ha, seed cost subtracted). Using the lower state corn grain average would result with positive net revenue of $117/ha for the 0.91-m lateral spacing.
Cotton Yield and Economics
Cotton was planted in late April to early May with harvest in October or November. Both yield and gross revenue were affected by year and by lateral spacing at Site 1 (Table 4) . Site 1 cotton lint yield was different each year. The 0.91-and 1.83-m lateral spacing had the same lint yield averaging 1141 kg/ha compared with the non-irrigated lint yield (586 kg/ha). Gross revenue for the irrigated areas was almost two times that of non-irrigated areas.
Site 2 cotton lint yields and revenue were different by year and lateral spacing (non-irrigated plots were part of this analysis) ( Table 5 ). There was no difference in lint yield for 2003 and 2004 but were greater than lint yields in 2002 by about 40%. Both the 0.9 and 1.83-m tube lateral orientations had the same lint yield (1052 kg/ha) but was higher than the average non-irrigated control (455 kg/ha). Gross revenue was almost 50% greater with irrigation compared with non-irrigation. These results are similar to those described in previous research with subsurface drip tube laterals placed underneath crop rows did not have higher yield than laterals placed in alternate row middles (7, 8, 22) . Table 4 . Cotton ANOVA probability values for lint yield, and gross revenue determined for year and lateral spacing. Cotton yield, test weight, gross revenue, and partial net revenue are shown by year and lateral spacing at Site 1.
* Means followed by the same lower-case letter are not significantly different (P = 0.05) using Tukey's pairwise comparison procedure. ** Partial net revenue = (gross revenue -drip tube cost). Table 5 . Cotton ANOVA probability values for lint yield, and gross revenue determined for year and lateral spacing. Cotton yield, test weight, gross revenue, and partial net revenue are shown by year and lateral spacing at Site 2.
Site 1 and Site 2 gross revenue averaged about $1200/ha for both lateral spacings. Non-irrigated gross revenue averaged just over $600/ha. Subtracting the cost of the tubing resulted in net revenues of $613 and $969 for 0.91 and 1.83-m lateral spacing, respectively. The non-irrigated revenue was very similar to the 0.91-m lateral spacing while the 1.83-m lateral spacing was over $360/ha greater than the non-irrigated control. This implies a lateral spacing of 0.91 m may not be cost effective even when lint yields are doubled with irrigation and that alternate row middles are recommended for higher yields and net returns (2, 7, 8, 22) . Conclusions Surface drip irrigation doubled corn and cotton yield compared with nonirrigated regimes. There was no yield difference between drip tube lateral spacings for either crop. Subtracting the cost of seed (corn only) and tubing showed that 0.91-m lateral spacing had equal to (cotton) or negative (corn) net returns compared with non-irrigated production. The 1.83-m lateral spacing had positive net returns for both crops and years. Both drip tube lateral orientations had positive net returns when compared with non-irrigated yields that were near the state average. When irrigating corn and cotton with surface drip in the southeast it is recommended that drip laterals be installed in alternate row middles for best economic net return.
